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Be it known that we, Xiaolei S. Ao, residing at 60 Ivan Street, Lexington, MA 
10 02420 and being a citizen of the United States; Oleg A. Khrakovsky, residing at 60 West 
Sigoumey Street, Lynn, MA 01905-1355 and being a citizen of the United States; and 
Jeffrey D. Tilden, residing at 55 Burt Street, Norton, MA 02766 and being a citizen of the 
United States, have invented a certain new and useful 

METHOD AND SYSTEM FOR CALCULATING THE TRANSIT TIME OF AN 
15 ULTRASONIC PULSE 

of which the following is a specification: 
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Applicant: Ao et al. 

For: METHOD AND SYSTEM FOR CALCULATING THE TRANSIT TIME 

OF AN ULTRASONIC PULSE 



FIELD OF THE INVENTION 
This invention generally relates to an automated method and system for 
calculating the transit time of a transmitted pulse, and more specifically for calculating 
the transit time of an ultrasonic pulse transmitted through a fluid flow from a first 
10 ultrasonic transducer to a second transducer. 



BACKGROUND OF THE INVENTION 
Ultrasonic flow meter systems are known for measuring the rate of fluid (e.g., gas 
or liquid) flow within a conduit such as a pipe. In one particular system, two transducers 

15 are disposed on the exterior of the conduit at an oblique angle to each other and are 

commonly referred to as the upstream transducer and the downstream transducer. The 
rate of fluid flow through the conduit is determined by first transmitting a pulse from the 
upstream transducer to the downstream transducer. Next, the downstream transducer 
transmits a pulse to the upstream transducer. The transit time of the pulse transmitted 

20 from the upstream transducer to the downstream transducer is less than that of the pulse 
transmitted in the reverse direction and the fluid flow rate can be determined (calculated) 
based on the difference in the measured transit times of the two pulses. Those skilled in 
the art know that the transducers can be clamped on the exterior of the conduit or can be 
inserted through the wall of the conduit (e.g., 'Vetted transducers"). 

25 Ultrasonic systems may be used to measure the flow of many different types and 

PAN.215J 2 
DWP/ok/wj 



densities of liquid or gas and may be used with different types of conduits in varying 
degrees of condition. These widely varying environments can create different signal to 
noise ratios when one of the transducers transmits to the other transducer. For example, 
if the fluid flow to be measured is Hquid, the signal to noise ratio will generally be high. 
5 If the fluid flow to be measured is gas, the signal to noise ratio will generally be lower. 

Depending on the signal to noise ratio, different techniques are employed to measure the 
transit time and time differential between the up and down transit times. For example, if 
the signal to noise ratio is high, one high resolution technique for measuring the transit 
time is the cross correlation technique. See U.S. Patent No. 4,787,252 incorporated 

10 herein by this reference. But, if the signal to noise ratio is low, the high resolution 

method cross correlation technique may result in errors when the transit time is calculated 
resulting in an inaccurate flow rate determination. Thus, those skilled in the art may 
employ a different technique for measuring the transit time. One example of a technique 
for measuring the transit time where the signal to noise ratio is low is the integrated 

15 threshold technique disclosed in U.S. Patent No. 4,538,469 also incorporated herein by 
this reference. Although the integrated threshold technique doesn't provide as high 
resolution as the cross correlation technique, it is more robust. 

Moreover, the signal to noise ratio of any particular transducer arrangement may 
change over time if the conduit deteriorates, for example, the signal to noise ratio may 

20 decrease. Thus, an ultrasonic flow meter system controller (electronics) may be 

configured at the time of installation to employ the cross correlation technique because 
the signal to noise ratio is high. But, later in time if the signal to noise ratio is reduced, 
the cross correlation technique will no longer provide an accurate flow rate 
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determination. 

In the prior art, it was often necessary to have a technician or engineer set up an 
ultrasonic flow meter after evaluating the flow measurement site by connecting an 
oscilloscope to the meter (or controller) to determine the signal to noise ratio before a 
5 particular technique for calculating the transit time of each transmitted pulse could be 
selected and the transit time measured. This practice is time consuming, expensive, and 
at times may not be accurate. Moreover, an oscilloscope is an expensive piece of 
equipment that takes expertise to operate. 

10 BRIEF SUMMARY OF THE INVENTION 

In one embodiment, the subject invention provides an automated method and 
system for calculating the transit time of a pulse fi-om a first ultrasonic transducer to a 
second ultrasonic transducer more accurately. The method and system of this invention 
accurately determines the transit time of a pulse to and from transducers even if the signal 

15 to noise ratio changes over time. An oscilloscope and an engineer or technician is not 
required to determine the signal to noise ratio thus saving time and expense. 

In at least one embodiment, the subject invention results from the realization that 
an automated and easy to use more accurate method for calculating the transit time of a 
pulse transmitted through fluid flow from a first ultrasonic transducer to a second 

20 ultrasonic transducer is achieved by automatically calculating the signal to noise ratio of 
the received pulse and then automatically selecting the appropriate technique for 
calculating the transit time of the received pulse based upon the level of the signal to 
noise ratio. 
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In one embodiment, this invention features an automated method for calculating 
the transit time of a pulsed signal transmitted from a first ultrasonic transducer to a 
second ultrasonic transducer. The method comprises measuring the amplitude of the 
pulsed signal received at the second transducer from the first transducer; measuring the 
5 amplitude of any noise proximate to the pulsed signal; and calculating the signal to noise 
ratio of the pulsed signal and the noise, respectively. If the signal to noise ratio is above a 
predetermined threshold, a first technique for calculating the transit time of the received 
pulsed signal is implemented. But, if the signal to noise ratio is less than the 
predetermined threshold, a second different technique for calculating the transit time of 

10 the received pulsed signal is implemented. 

In one example, the first technique may include a cross correlation technique and 
the second technique is an integrated threshold technique. The predetermined threshold 
may be approximately between 7 and 13. The first transducer and the second transducer 
may be on the same side of a conduit or the first transducer and the second transducer 

15 may be on opposite sides of a conduit. The first transducer and the second transducer may 
be clamped on a conduit. The first transducer and the second transducer may be disposed 
in a conduit in a wetted configuration. The method may further include the step of 
adjusting preselected characteristics of the transmitted pulsed signal based upon the 
calculated signal to noise ratio. The method may further include the step of outputting an 

20 error message if the signal to noise ratio is below a second predetermined threshold. The 
second predetermined threshold may be between 0.25 and 1 .0. 

The step of measuring the amplitude of the pulsed signal may include measuring 
the maximum amplitude of the received pulsed signal. The step of measuring the 
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amplitude of the noise may include measuring the maximum amplitude of the noise in a 
predetemiined window of time. The step of measuring the amplitude of the noise may 
include windowing noise data. The window may directly precede the received pulsed 
signal. The amplitude of the pulsed signal may be measured before the ampHtude of the 
5 noise is measured. 

This invention also features a system for calculating the transit time of a pulsed 
signal transmitted through a conduit, the system comprising: a first transducer which can 
be coupled to the conduit; at least second transducer which can be coupled to the conduit; 
a controller coupled to the first transducer and the second transducer. The controller is 

10 configured to measure the ampUtude of the received pulsed signal received at the second 
transducer fi-om the first transducer, measure the amplitude of noise proximate to the 
received pulsed signal, calculate the signal to noise ratio of the received pulsed signal and 
the noise, respectively, implement a first technique for calculating the transit time of the 
received pulsed signal if the signal to noise ratio is above a predetermined threshold, and 

1 5 implement a second, different technique for calculating the transit time of the received 
pulsed signal if the signal to noise ratio is less than the predetermined threshold. 

In one example, the first technique is the cross correlation technique and the 
second technique is the integrated threshold technique. The predetermined threshold may 
be approximately between 7 and 13. The first transducer and the second transducer may 

20 be on the same side of the conduit. The first transducer and the second transducer may be 
on opposite sides of the conduit. The first transducer and the second transducer may be 
clamped on the conduit or the first transducer and the second transducer may be disposed 
in the conduit m a wetted configuration. The controller may be configured to adjust the 
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configuration of the pulsed signal based upon the calculated signal to noise ratio. The 
controller may also be configured to output an error message if the signal to noise ratio is 
below a second predetermined threshold such as between 0.25 and 1.0. The controller 
may be further configured to measure the maximum amplitude of the pulsed signal. The 
5 controller may be further configured to measure the maximum amplitude of the signal 
noise in a predetermined window of time. The step of measuring the amplitude of the 
noise may include windowing noise data. The window may directly precede the pulsed 
signal. The amplitude of the pulsed signal may be measured before the amplitude of the 
noise is measured. The controller may include a transmitter, a receiver, a processor 

10 which accesses a memory and the memory includes computer code which measures the 
amplitude of the pulsed signal received at the second transducer fi*om the first transducer, 
the amplitude of noise proximate to the pulsed signal, and calculates the signal to noise 
ratio of the pulsed signal and the noise, respectively. 

This invention also features a computer program for calculating the transit time of 

15 'a pulsed signal through a conduit from a first ultrasonic transducer to a second ultrasonic 
transducer. The program comprises instructions for measuring the amplitude of the 
pulsed signal received at the second transducer from the first transducer, measuring the 
amplitude of noise proximate to the pulsed signal, calculating the signal to noise ratio of 
the pulsed signal and the noise, respectively, implementing a first technique for 

20 calculating the transit time of the received pulsed signal if the signal to noise ratio is 
above a predetermined threshold, and implementing a second, different technique for 
calculating the transit time of the received pulsed signal if the signal to noise ratio is less 
than the predetermined threshold. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Other objects, features and advantages will occur to those skilled in the art from 
the following description of a preferred embodiment and the accompanying drawings, in 
which: 

5 Figs. 1 A, IB, and IC are schematic diagrams of typical ultrasonic systems for 

determining the rate of fluid flow through a conduit; 

Figs. 2A and 2B are graphs of voltage versus time for a low noise ultrasonic 
signal transmitted from a first transducer through liquid and received at a second 
transducer; 

10 Fig. 3 is a graph of voltage versus time for a high noise ultrasonic signal 

transmitted from a first transducer through gas and received at a second transducer; 

Fig. 4 is a block diagram showing the primary components associated with one 
example of the system for calculating the transit time of a pulse from a first ultrasonic 
transducer to a second ultrasonic transducer in accordance with one embodiment of the 
1 5 subj ect invention; 

Fig. 5 is a graph of voltage versus time for a pulse transmitted through gas and 
received at a transducer using the system of Fig. 4; and 

Fig. 6 is a flow chart showing the primary steps associated with one example of 
the method of calculating the transit time of a pulse from a first ultrasonic transducer to a 
20 second ultrasonic transducer in accordance with an embodiment of the subject invention 
and also showing the programming associated with the memory of the system of Fig. 4. 
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DISCLOSURE OF THE PREFERRED EMBODIMENT 
Aside from the preferred embodiment or embodiments disclosed below, this 
invention is capable of other embodiments and of being practiced or being carried out in 
various ways. Thus, it is to be understood that the invention is not limited in its 
5 application to the details of construction and the arrangements of components set forth in 
the following description or illustrated in the drawings. 

Ultrasonic flow meter 10, Fig. 1 A, measures the rate of fluid flow within conduit 
12. Two transducers 14 and 16 are disposed on the exterior of conduit 12. Transducers 
14 and 16 are shown as being on the opposite sides of conduit 12, but may be disposed on 
10 the same side of the conduit. Clamp on transducers as shown but they may also be 
wetted transducers. As described above, the rate of fluid flow through conduit 12 is 
determined by first transmitting an ultrasonic pulse from transducer 14, also known as the 
upstream transducer, to transducer 16, also known as the downstream transducer. Next, 
transducer 16 will transmit a signal to transducer 14. Since the transit time of the pulse 
15 transmitted from transducer 14 will be faster than the pulse transmitted from transducer 
16, the rate of fluid flow through conduit 12 can be determined by subtracting the transit 
time of the pulse transmitted from transducer 16 from the pulse transmitted from 
transducer 14, The timing and measurement of pulses from transducers 14 and 16 are 
controlled by controller 20. The transmitted pulse or pulsed signal may be a square or 
20 sinusoidal wave, a pulse train, a coded pulse or any type of varying signal. 

Transducers 14 and 16 each transmit a pulse 18 that traverses conduit 12 once 
whereas in another example transducers 14' and 16* of flowmeter 10', Fig. IB, are located 
on the same side of conduit 12' and are each configured to transmit a pulse 18* that 
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reflects off the inner surface of conduit 12' once before being received by the other 
transducer. The controller 20' sends a pulse to transducer 14' or 16' and the other of the 
transducers receives the pulse. Controller 20' measures the signal arrival time of pulse 
18'. Transducers 14" and 16" and controller 20" of flowmeter 10", Fig. IC may also be 
5 configured to transmit and reflect pulse 18" twice off the inner surface of conduit 12", in 
which case transducers 14" and 16" are located on opposite sides of conduit 12". 

Although transducers 14, 16, 14' and 16' are shown as being clamped to conduit 
12, these transducers could also be disposed on conduit 12 in a wetted configuration. In a 
wetted configuration, transducers 14 and 16 would be in direct-contact with the fluid 

1 0 flowing in conduit 12. 

Graph 30, Fig. 2 A, shows the voltage level of a pulse 32 received at one of the 
transducers 14 or 16. A pulse transmitted fi"om one of the transducers 14 or 16 at time to 
is received at the other of the transducers at time ti. Thus, the transit time of this pulse is 
measured between to and ti. Echoes 34, 34', and 34" of pulse 32 are received at the 

1 5 receiving transducer after pulse 32 has been received. Signal 36 is cross-talk between the 
two transducers through the pipe wall and is not valuable information. As can be seen, 
the level of noise 39 is relatively low to pulse 32, as is the general case when the flow to 
be measured is liquid. Time window 38 includes pulse 32 within its range is rendered at 
a higher resolution in 40, Fig. 2B, which also shows that the signal to noise ratio of pulse 

20 32 to noise 39 is relatively high. 

Graph 44, Fig. 3, shows the high level of noise 39' in relation to the received pulse 
32' at time ti' for a pulse transmitted at time to through a gas. The level of cross-talk 36' 
at to' is also shown as being very high. It is possible that for some gases, the level of the 
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received pulse 32' could be even lower than the level of noise 39', in which case 
sophisticated signal processing techniques would be required to determine the level and 
location of received pulse 32'. 

In accordance with one embodiment of the subject invention, system 50, Fig. 4, 
5 includes controller 20a that includes processor 5 1 and a memory 52. Processor 5 1 of 
controller 20a is coupled to both transducers 14a and 16a which are each coupled to 
conduit 12a. Memory 52 may be an erasable progranraiable memory (EPROM) and have 
programmable code 54 stored therein. Together, processor 51 and memory 52 are 
configured to measure the amplitude of a received pulse at one of the transducers, 

10 measure the amplitude of any noise proximate the pulse, and calculate the signal to noise 
ratio of the pulse in relation to the noise. Processor 51 controls transmitter 53 to transmit 
an electrical signal through multiplexer 57 to transducer 14a or 16a, which transmits a 
pulse to the other of the transducers. When one of transducers 14a or 16a receives a 
pulse, it transmits a signal through multiplexer 57 to receiver 55, which transmits to 

15 processor 51a digitized signal that corresponds to the received pulse. 

Controller 20a will then automatically implement one technique such as the cross 
correlation technique (also stored in memory 52) for calculating the transit time of the 
received pulse when the calculated signal to noise ratio is above a predetermined 
threshold. If the signal to noise ratio is less than the predetermined threshold, however, 

20 controller 20a will implement a second different technique for calculating the transit time 
of the received pulse. One such technique is the integrated threshold technique. 

In this manner, controller 20a will select the appropriate method for calculating 
the transit time based upon the signal to noise ratio. Having controller 20a select an 
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appropriate technique based upon the signal to noise ratio prevents controller 20a from 
making an erroneous measurement if the signal to noise ratio is far lower than expected, 
which can happen if an unexpected fluid is present in conduit 12 or if the conduit has 
suffered deterioration due to usage or age, or if any other condition renders the signal to 
5 noise ratio level too low for accurate use of the cross correlation technique. 

The threshold of the signal to noise ratio may be approximately 10 or may be 
selected between the range of 7 and 13. Above this threshold, controller 20a may choose 
to implement the method of cross correlation to calculate the transit time of the received 
pulse. If the signal to noise ratio is measured as being low, such as below 10, controller 

10 20a may decide to implement an integrated threshold method to calculate the transit time 
of the received pulse. Additionally, controller 20a may use a second predetermined 
threshold such as 0.5 or a number between 0.25 and 1 .0 below which controller 20a will 
not calculate the transit time because the signal to noise ratio is too low to obtain an 
accurate flow rate calculation. Below the second threshold, controller 20a may output an 

15 error message to the user that the signal to noise ratio is too low to determine the rate of 
fluid flow. Thus, the transit time of an ultrasonic pulse (downstream and upstream) is 
more accurately measured based upon the signal to noise ratio. 

Controller 20a may change the characteristics of the pulse based upon the 
measured signal to noise ration. For example, controller 20a may change the shape, 

20 duration, and/or the type, e.g., sinusoidal or square wave, of the pulse based upon the 
measured signal to noise ratio. 

Although Fig. 4 shows transducers 14a and 16a as being disposed on opposite 
sides of conduit 12a, this is not a limitation of the invention. Transducer 14a and 
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transducer 16a could be disposed on the same side of conduit 12a in which a transmitted 
pulse 18a would reflect once off the inside of conduit 12a. Also, although transducers 
14a and 16a are shown as being clamped onto conduit 12a, transducers 14a and 16a could 
be disposed in conduit 12a in a wetted configuration. 
5 To measure the noise 39a, Fig. 5, proximate a received pulse, a window 38a is 

used to evaluate the noise within a predetermined time range. Window 38a is placed 
before the received pulse 32a to obtain optimal results. The location of data window 38a 
may be determined after the coarse location of the pulse 32a is obtained. The type of 
conduit 12a, the fluid flowing through conduit 12a, and coarse sound speed of the fluid 

10 are typically known to the user. The coarse sound speed of the fluid can be obtained 

from a look up table or pre-built into a flowmeter. Likewise, window 38b can be used to 
determine the amplitude of the received pulse 32a. Although other methods could be 
used to determine the amplitude of noise and a received pulse, the signal to noise ratio 
may be determined by using the maximum amplitude 60 of the pulse received within 

15 window 38b divided by the maximum amplitude 62 of the noise received within window 
38a. 

The method in accordance with one embodiment of the invention for calculating the 
transit time of a pulse transmitted from a first ultrasonic transducer to a second ultrasonic 
transducer. Fig. 6, begins at step 70 with measuring the amplitude of the pulse received at 
20 the second transducer from the first transducer. At step 72, the amplitude of any noise 
proximate to the received pulse is measured. Data windows may be used to make these 
measurements at steps 70 and 72. At step 74, the signal to noise ratio of the received 
pulse and the noise are calculated. The maximum value of the noise and the maximum 
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value of the pulse within their respective windows can be used for this calculation. At 
step 76, the first technique, such as, for example, cross correlation, is implemented for 
calculating the transit time of the received pulse if the signal to noise ratio is above a 
predetermined threshold. At step 78, a second technique, such as, for example, the 
5 integrated threshold technique, is implemented for calculating the transit time of the 

received pulse if the signal to noise ratio is less than the predeteraiined threshold. Controller 
20a may perform the steps of this method or this method may be embodied in software or 
computer code and may be placed in memory 52 within controller 20a. The code for 
implementmg this method may be provided on an EPROM chip and provided as an upgrade 

10 to ultrasonic flowmeters GC868 or PT878GC manufactured by GE Panametrics located in 
Waltham, Massachusetts, the assignee hereto. 

Although specific features of the invention are shown in some drawings and not 
in others, this is for convenience only as each feature may be combined with any or all of 
the other features in accordance with the invention. The words "including", 

15 "comprising", "having", and "with" as used herein are to be interpreted broadly and 
comprehensively and are not limited to any physical interconnection. Moreover, any 
embodiments disclosed in the subject application are not to be taken as the only possible 
embodiments. For example, other techniques for calculating the transit time of a pulse 
suitable for different signal to noise ratios known to those skilled in the art may be used. 

20 Other embodiments will occur to those skilled in the art and are within the 

following claims: 

What is claimed is: 
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